Introduction
Pancreatic cancer is considered one of the most lethal malignancies, with dismal prognosis. According to Cancer Statistics, 2017, 1 an estimated 53,670 new patients will be diagnosed with pancreatic cancer and 43,090 deaths will be caused by this disease per year in the USA. The 5 year survival rate of pancreatic cancer remains as low as 8.2% in the USA. 2 The close parallel between the incidence of and mortality from pancreatic cancer reflects the fatal nature of this disease. To date, several risk factors, including smoking, alcohol, obesity, and type 2 diabetes, have been identified for pancreatic cancer. [3] [4] [5] Because of the low rates of early detection and poor prognosis, pancreatic cancer remains a tremendous public health burden around the world, especially in developed countries. It has been reported that North America and Western Europe have the highest incidence rates. 6 Therefore, there is an urgent need for a comprehensive understanding of recent trends regarding pancreatic cancer in the USA. To our knowledge, recent changes in pancreatic cancer remain largely unknown. Most previous studies evaluated the trends in pancreatic cancer from 1970 to 2002 and indicated a declining trend since 1980. These results may not be representative of the trends for pancreatic cancer in the past decade. To bridge this gap, therefore, we conducted this study based on the Surveillance, Epidemiology, and End Results (SEER) data set, which represents epidemiological trends only in the USA. We aimed to investigate and characterize the recent temporal trends in the USA during 2000-2014.
Method

Data source
Incidence data for pancreatic cancer were obtained by SEER*Stat version 8.3.4 from the database of incidence-SEER 18 registries research data. 7 Mortality data were obtained from incidence-based mortality-SEER 18 registries research data. 8 In incidence-based mortality analysis, we excluded the first year (2000) to ensure that most of the deaths occurred in patients who were diagnosed with pancreatic cancer after 2000. Cases of pancreatic cancer were included in the present study based on the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). Only microscopically confirmed pancreatic cancer and the first matching record were selected. Microscopically confirmed criteria included positive histology, positive cytology, and positive microscopic confirmation, with method unspecified. 9 The age of the population was limited to between 20 and ≥85 years. Primary sites coded as head of pancreas (C25.0), body of pancreas (C25.1), tail of pancreas (C25.2), pancreatic duct (C25.3), other specified parts of pancreas (C25.7), overlapping lesion of pancreas (C25.8), and pancreas, not otherwise specified (C25.9) were included. Cases identified only from autopsy records or death certificates were excluded. As the SEER database holds deidentified data and is publicly available, no approval was required by an institutional review board, and approval from the ethics board was not required.
Statistics
The incidence and incidence-based mortality rates were calculated by SEER*Stat version 8.3.4 and age-adjusted rates were calculated by adjustment to the 2000 US standard population. The National Cancer Institute's Joinpoint regression analysis program, version 4.5.0.1, 10,11 was used to calculate the annual percentage change (APC) and average annual percentage change (AAPC) to quantify changes in incidence and mortality, and by demographic and tumor characteristics. The program also selected the best-fitting log-linear regression model to identify calendar years (i.e. the joinpoints) when APCs changed significantly. All statistical analysis was two sided and significance was taken as p<0.05.
Results
In total, 119,412 patients with pancreatic cancer were identified in 18 SEER registries during 2000-2014, and 94,856 cases died between 2001 and 2014. Detailed characteristics are summarized in Table 1 . The age-adjusted incidence and incidence-based mortality rates were 13.4 (95% CI 13.3-13.5) and 12.0 (95% CI 11.9-12.1), respectively. Notably, we observed that the mortality rate of cancer was comparable to its incidence, suggesting the highly lethal property of this malignancy. Compared with females, males had higher incidence and mortality rates. For young patients (aged <50 years), both incidence and mortality rates were relatively low. Most pancreatic cancer cases and deaths occurred in elderly patients (>60 years). Black patients had higher morbidity and mortality rates than other ethnic groups. In addition, advanced stage, tumors in the head of the pancreas, and median tumor size (2-4 cm) carried greater morbidity and mortality rates of pancreatic cancer.
During the study period, the age-adjusted incidence gradually increased from 11.85/100,000 person-years in 2000 to 14.70/100,000 person-years in 2014, at an AAPC of 1.6 (95% CI 1.5-1.8) (Figure 1 and Table 2 ). No significant cut-point was identified by joinpoint regression, indicating that the increasing trend in incidence remained steady. Table 3 ). The mortality rate initially increased at an APC of 4.1 (95% CI 2.1-6.0) from 2001 to 2005 and then slowed at an APC of 1.0 (95% CI 0.5-1.5) ( Figure 2 and Table 3 ), indicating that the survival rate rose after 2005.
Changes in incidence and mortality stratified by demographic and tumor characteristics are presented in detail in Tables 2 and 3 . When age-specific trends were analyzed, trends towards an increase were observed in all age subgroups, and increases were especially pronounced for the population aged 20-29 years and ≥80 years. The incidence rate among patients aged 70-79 years leveled off during 2009-2014 ( Figure 3 ). With regard to mortality, in general, the more recent mortality rates increased more slowly or remained steady ( Figure 4 ). When gender-specific trends were explored, incidence and mortality rates increased regardless of gender. The AAPC in incidence rate was higher Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com
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Rising incidence and mortality of pancreatic cancer in females (1.7%) than in males (1.4%) between 2000 and 2014. It increased at a lower rate in males during 2008-2014 (APC=1.1, 95% CI 0.7-1.5) and remained unchanged in females during the same period (APC=1.7, 95% CI 1.5-1.9) ( Table 2 and Figure S1 ). In terms of mortality, the AAPC in mortality rate was similar in females and males (Table 3 and Figure S2 ). When ethnicity-specific trends were analyzed, the incidence rate was higher in white than in non-white patients. Among white people, it initially increased at an APC of 1.2% and accelerated at an APC of 2.4% between 2003 and 2008. Thereafter, it slowed to an annual increase of 1.2% in 2008-2014 (Table 2 and Figure S3 ). With regard to mortality trends, the largest increases occurred between 2001 and 2005 in white patients (Table 3 and Figure S4 ).
When stage-specific trends were analyzed, the incidence trend was particularly noteworthy for localized tumors compared with pancreatic cancer in regional and distant stages (Table 2, Figure S5 ). Mortality stabilized or increased slightly in recent years, indicating improved survival rates ( Figure S6 ). When site-specific trends were analyzed, there were overall increasing trends in the incidence and mortality of cancers of the head, body, and tail of the pancreas, but not in other parts of the pancreas (Figures S7 and S8 ). When sizespecific trends were analyzed, the annual rates of increase in incidence and mortality decreased for large tumors (>2 cm). For small tumors (≤2 cm), mortality remained steady since 2006, although the incidence increased by 5.7% on average (Figures S9 and S10). 
Discussion
It is well acknowledged that the incidence and mortality of pancreatic cancer vary greatly across regions and populations worldwide. In general, high incidences and mortality rates are reported in developed countries and elderly populations. [12] [13] [14] In the current study, an upward trend in pancreatic cancer incidence was noted throughout the study period, regardless of age, gender, ethnicity, and tumor stage, site, and size. The trend in mortality initially increased sharply and then slowed down after 2005. The detailed reasons for the more slowly increasing trends were unclear and we supposed that improvements in therapy for pancreatic cancer may be part of the explanation. 15 The mortality rate remained steady or slightly increased. The overall increased trends in incidence and mortality were not influenced by other variables.
Those findings were slightly different from other registrybased data, where the trend remained relatively stable or even decreased gradually. In Europe, Wood et al 16 examined the incidence, survival, and mortality trends of pancreatic cancer in England and Wales during 1975-2000. For both males and females, the incidence rate declined from peak levels during the 1970s and 1980s, and then fluctuated or leveled off. A similar trend in mortality was also observed during this period. Another study 17 from 22 European countries also documented a leveling-off trend in mortality in Europe during the 1990s. In the USA, Weiss and Benarde 18 assessed the temporal trends in mortality during 1920-1978. For males, mortality initially increased steeply to a peak in 1970, and thereafter declined gradually. For females, the increase was continuous but slower during this period. In 1995, Zheng et al 19 analyzed the incidence of pancreatic cancer in Connecticut, USA, during . From the early 1970s, there were no signs of an increasing trend in incidence in Connecticut. For males, the incidence increased during 1935-1964 and leveled off thereafter. For females, the incidence increased during 1935-1974 and then remained relatively stable. Another study 20 based on nine SEER registries also revealed a decreased incidence trend for pancreatic cancer between 1973 and 2002. In terms of mortality, Ma et al 21 reported that white and black people experienced opposite trends. In white males, mortality decreased during 1970-1995 and then increased to 2009. In white females, mortality slightly increased during 1970-1984, leveled off until the late 1990s, and increased again thereafter. However, in black patients mortality initially increased and decreased thereafter. We did not observe different trends in black and 
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Wu et al white patients in the current study. Different population origins may partly account for the different trends. Indeed, two studies from Europe published in 2017 showed an increasing incidence trend in pancreatic cancer, and the study from France 23 also described diverging trends in pancreatic cancer incidence and mortality. 22, 23 The incidence in both males and females increased during the past three decades, while mortality remained similar in men and slightly increased in women. 23 Several commentaries considered that these trends might be artificial. 24, 25 The incidence and mortality rates in China also increased gradually, as reported by Chen et al. 26 Owing to the lack of early diagnosis and effective therapies, the burden of pancreatic cancer remains huge.
Regarding increased trends in incidence, advances in high-resolution imaging and the widespread adoption of endoscopic ultrasound may have contributed to more cases of pancreatic cancer being diagnosed in the early stages. Sharp increases in the incidence of localized and small tumors (<2 cm) in the current study also support this explanation ( Figures S5 and S9) . Early stage and small size are two important prognostic factors for pancreatic cancer. 27 The early diagnosis of pancreatic cancer may have partly decreased the mortality rate after 2006. Besides, recent advances in therapies for pancreatic cancer have partly improved the survival outcomes of pancreatic cancer. 15, 28 Rising mortality rates in early stages and small-size pancreatic cancer also slowed down in recent years in the current study ( Figures S6 and  S10 ). The potential mechanisms underlying the increased trends in incidence and mortality warrant investigation in further studies. 
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Rising incidence and mortality of pancreatic cancer One strength of our study is that the results are based on 18 SEER registries, comprising the largest data set and covering approximately 30% of the overall US population. The high-quality data source indirectly supports the reliability of the overall results. However, there are also some 
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Wu et al obesity, and chronic pancreatitis [29] [30] [31] could not be examined in the current study.
Taken together, our findings reveal that there were increasing trends in incidence and mortality rates of pancreatic cancer, and fill a critical knowledge gap concerning recent trends in pancreatic cancer. Further studies are needed to determine the potential mechanisms underlying the increased trends in pancreatic cancer in the USA. 
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